. Purpose: Investigate development of specific performance adaptions and hormonal responses every fourth week during a 12-wk high-intensity training (HIT) period in groups with different interval-training prescriptions. Methods: Sixty-three well-trained cyclists performing a 12-wk intervention consisting of two to three HIT sessions per week in addition to ad libitum low-intensity training. Groups were matched for total training load, but increasing HIT ( All groups increased similarly in peak power output during weeks 1-4 (64%-89% of total change). All groups_ pooled, total and free testosterone and free testosterone/cortisol ratio decreased by 22% T 15%, 13% T 23%, and 14% T 31% (all P G 0.05), and insulin-like growth factor-1 increased by 10% T 14% (P G 0.05) during weeks 1-4. Conclusions: Most of progression in Power 4mM , V O 2peak and peak power output was achieved during weeks 1-4 in INC and MIX, and accompanied by changes in resting blood hormones consistent with increased but compensable stress load. In these well-trained subjects, accumulating 2-3 hIwk j1 performing 4 Â 16 min work bouts at best effort induces greater adaptions in Power 4mM and V O 2peak than accumulating~1 hIwk j1 performing best effort intervals as 4 Â 4 min.
A famous Norwegian coach of World Champions from four different endurance sports said ''elite endurance athletes must train a lot, and they must train smart.'' This advice is simple, but research over several decades suggests that translating it into best practice is quite complex. Elite endurance athletes organize their training around a high volume of low-intensity training (LIT) (defined as a workload eliciting a stable blood lactate concentration ([la j ]) of less than 2 mmolIL ). This high volume of LIT is infused with smaller proportions of both moderate-intensity training (MIT) (2-4 mmolIL j1 [la j ]) and high-intensity training (HIT) (94 mmolIL j1 [la j ]). Training within these three intensity categories, LIT, MIT, and HIT, is usually distributed either in a pyramidal or polarized model (27, 32) . Most retrospective studies on elite endurance athletes report a pyramidal training distribution with approximately Q80% LIT, 5%-15% MIT, and e10% HIT throughout the preparation phase, for example, (2, 25, 34) . However, short-term experimental studies demonstrate superior responses to a polarized compared with a pyramidal model (20, 31) . This finding aligns with the more polarized pattern observed among international medal winning athletes in the precompetition and competition period (3, 34) . Adding or manipulating HIT, in combination with a high volume of LIT, has been found to induce 2%-12% average performance improvements in groups of well-trained cyclists of varying performance levels over timeframes from a few weeks to 3 months (18, 23, 29, 33) . The primary physiological adaptations reported during these relatively short intervention periods are increases in power output at lactate threshold (LT) and maximal oxygen uptake (V O 2max ). Importantly, these effects are often only reported as net changes from preintervention to postintervention period. There is still limited evidence available concerning the time course of adaptive development during a longer training cycle, and how this development trajectory might be influenced by the organization and execution of the HIT component during the training cycle.
During standardized HIT sessions, we have previously observed that relatively small changes in exercise intensity are associated with large changes in tolerable accumulated exercise duration (29, 33) . Data from these studies and others raise important questions about how work intensity and accumulated duration of HIT interact to signal physiological adaptation. For example, Helgerud et al. (13) found that a total accumulated HIT duration of approximately 10-15 min at approximately 90%-95% of maximal HR (HR max ) had a greater impact on endurance performance than accumulating approximately 25 min at approximately 85% HR max during a three-session per week interval training program lasting 8 wk. However, other studies conclude that accumulating approximately 30-45 min at~90% HR max twice per week is a more effective HIT prescription than accumulating 15-20 min at 95% HR max (26, 29) . Discrepancies in reported results might be explained by the characteristics of the added HIT stimuli, baseline performance level, age, and small sample sizes.
Conceptually, optimization of endurance training can be seen as an attempt to maximize positive adaptive signaling effects of training frequency, volume, and intensity adjustments while managing accompanying psychological and physiological stress loads at tolerable levels. Testosterone (T) and cortisol (C) have been suggested to be important mediators of the adaptive response to endurance training, and considered as useful biomarkers of anabolic and catabolic hormonal control, respectively (4, 5, 11, 14, 39) . However, the relationship between the time course of training adaptations during a training cycle and the parallel time course of potential changes in resting T and C is not well established. Preintervention to postintervention comparisons do not paint a consistent picture. For example, a 14-d mesocycle with frequent HIT sessions induced both endurance adaptions and increases in serum T concentration in male junior triathletes (39) . In contrast, others have reported significant adaptive responses to a training program that also induced declining T and increasing C concentrations indicative of an increased catabolic state (14) . Discrepancies among studies may be due to differences in the baseline training status of participants, or the training dose administered. Further, a decrease in the ratio between free testosterone and cortisol (FTCR) has been proposed as a marker of the overtraining syndrome (1,10), although doubt has been cast as to whether FTCR is able to differentiate between functional overreaching and overtraining (36, 37) . In addition, increased human growth hormone (HGH) has been reported in endurance trained subjects, and elevated 24 h HGH secretion rates combined with increased plasma levels of insulin-like growth factor-1 (IGF-I) have also been found to correlate positively with V O 2max (8, 21) . This finding is consistent with the observation that a 1-yr exercise training program approximately doubled resting HGH concentration in untrained women (38) . However, the effect of multiple training-cycles with different intensities and accumulated HIT duration on hormonal responses in well-trained endurance athletes remains to be thoroughly investigated.
The aims of the present study were therefore to compare the influence of three different 12-wk training programs differing in HIT load intensification structure on: 1) the development of specific endurance adaptations, 2) the potential interactions among the different HIT prescriptions, and 3) the time course of changes in resting anabolic and catabolic hormones over 12 wk divided in three mesocycles.
METHODS
This study was conducted as a multicenter trial, with all participants completing a 12-wk training period, divided in three 4-wk cycles. These data were collected in parallel with data from a newly published study where the main purpose was to compare the effects of different periodized HIT models in well-trained endurance athletes (33) .
Subjects
Sixty-nine experienced male competitive cyclists (age, 38 T 8 yr; V O 2peak , 62 T 6 mLIkg ; training experience, 6 T 4 yr) completed the intervention period, with 63 included in the final analyses. Six subjects were excluded due to absence from posttesting, and/or G70% compliance with prescribed interval sessions. Based on peak power output (PPO), training volume and cycling experience, subjects were categorized as well-trained (15) . The study was approved by the ethics committee of the Faculty for Health and Sport Science, University of Agder, and registered with the Norwegian Social Science Data Services (NSD). All athletes provided their written informed consent to participate in the study.
Preintervention Period
A 6-wk preintervention period was conducted to ensure an approximately equal training status, and familiarize subjects with testing protocols and interval sessions included in the intervention period (Fig. 1 ). Subjects were instructed to perform only one interval session each week, combined with ad libitum LIT volume. Pretesting was performed at the end of the preintervention period (mid-December), and subjects were thereafter randomized in a stratified manner based on age, cycling experience, and peak oxygen uptake (V O 2peak ) into one of three different training groups: INC (n = 23), DEC (n = 20), or MIX (n = 20) group.
Intervention Period
The training intervention was performed from early January to the end of March and consisted of 12 wk, divided in three 4-wk cycles. Subjects were instructed to follow a training load structure within each cycle as follows: week 1, medium LIT volume and two supervised interval sessions; weeks 2 and 3, high LIT volume and three supervised interval sessions; week 4, reduced LIT volume by 50% compared with the previous 2 wk and one to two laboratory testing sessions. All interval sessions was performed indoors as supervised group training, and included a 20-to 30-min low-intensity (55%-70% HR max ) warm-up, followed by four interval bouts of either 4, 8, or 16 min, separated by a 2-min rest, and concluded with 10-30 min low-intensity (55%-70% HR max ) cool-down. During interval sessions, subjects were instructed to cycle at their maximal sustainable intensity during all four interval bouts (isoeffort) (28, 29) , such that they completed the described session structure (all four interval bouts completed with only 2-min rest), and with consistent or slightly progressive power output from the first to the fourth interval bout. In total, each participant was prescribed 24 supervised interval sessions during the 12-wk intervention period, in addition to testing and self-organized ad libitum LIT. Figure 1 shows the study design and interval session prescriptions in each group during the intervention. Although all sessions were performed with isoeffort instructions, the different interval session prescriptions differing in interval bout duration and total accumulated HIT duration induced significantly different power output, [la j ], HR and RPE responses (Table 1) . During each interval session, independent of prescription, there were significant increased HR and RPE responses from interval bouts 1 to 4 (data not presented). The evolution of power output was, in keeping with the instructions given to subjects, maintained relatively constant over the four interval bouts. However, subanalyses revealed that relatively few subjects (n = 6) typically showed a decreasing power development over 4 Â 16 min, whilst in contrast, 23 of 63 subjects typically reduced their power output by the end of 4 Â 4 min sessions. Data in Table 1 are presented as average values during all four interval bouts for all three groups pooled. There were no differences across groups, although different interval prescriptions (4 Â 16 and 4 Â 4 min) were performed in opposite sequence (cycles 1 and 3) for INC and DEC, respectively. (8) 106 (8) 118 ( (5) 106 (5) (2) 91 (2) 94 ( 
Testing Procedures
Cycling test. Testing weeks included a laboratory-based cycling test, which were conducted preintervention, and at weeks 4, 8, and 12 during the intervention period (see Fig. 1 ). Subjects were instructed to perform only LIT during the 48 h preceding each test and to consume the same type of pretest meal. Subjects were not permitted to eat during the last hour, or consume caffeine during the last 3 h preceding each test.
Briefly, four to six steady state submaximal 5-min steps were performed on a bicycle ergometer to identify the workload eliciting 4 ) . A detailed description of all testing protocols, instruments, and materials has recently been described elsewhere (33) .
Serum hormone concentrations. Venous blood samples were collected from a subgroup of 29 subjects to assess hormonal responses (INC; n = 9, DEC; n = 10, MIX; n = 10). For each testing session (pre, weeks 4, 8, and 12) all subjects reported to the laboratory between 07:00 and 09:00 AM in a rested, fasted state, and were only allowed to perform LIT 48 h preceding blood tests. Approximately 10 mL venous blood was collected from an antecubital vein using Vacutainer tubes (Becton Dickinson, Franklin Lanes, NJ). Samples were stored at room temperature (20-C-22-C) for 30-60 min before being centrifuged for 10 min at 3000 rpm (StatSpin Express 4, Beckman Coulter, USA). The supernatant serum was pipetted into 1-mL aliquots and immediately frozen at j20-C until analyses. Serum was analyzed for total testosterone (TT), free testosterone (FT), C, IGF-1, IGF-BP3, HGH, sexual hormonebinding globulin and prolactin. The FTCR was calculated using the method of Banfi and Dolci (1) . Given the sensitivity of resting HGH to natural variations or dietary status (although subjects were in a fasted state), subjects with extreme outlier values (identified through boxplot analyses in SPSS) were excluded from HGH analyses. Subjects 4, 1, and 3 were excluded from the INC, DEC, and MIX groups, respectively. Subanalyses were executed to ensure that this subgroup of 29 subjects (both pooled and divided in intervention groups) was representative to the main findings of specific performance responses in the present study (not presented).
Statistical Analyses
Data were analyzed using SPSS 22.0 (SPSS Inc, Chicago, IL) and are presented as mean T SD or 95% confidence intervals (95% CI). Training characteristics and differences in blood hormone responses between groups were compared using a one-way between-groups ANOVA. A general linear model (GLM) repeated-measures model (ANOVA) was used to assess statistical differences in physiological test variables and blood hormones from pre to weeks 4, 8, and 12 within each group. Statistical comparisons were followed by Bonferroni post hoc corrections if there was a significant within-group difference. A univariate GLM (ANCOVA) was used to assess differences in physiological baseline characteristics and delta changes (pre to week 4, weeks 4-8, and weeks [8] [9] [10] [11] [12] 
RESULTS
Body mass. There were no significant differences in body mass among groups at pre. After 12 wk, there was a significant body mass reduction in INC (80.3 T 7.4 vs. 79.0 T 7.6 kg), DEC (79.7 T 7.8 vs. 78.5 T 7.5 kg), and MIX (79.7 T 8.9 vs. 78.2 T 8.8 kg) (all P G 0.05). All physiological and performance adaptions are further presented as absolute values, hence relative values with respect to body mass are therefore slightly different.
Training characteristics. There were no differences among groups in any training variables at pre. Weekly training volume did not change in the three cycles and was 9.8 T 3.2, 10.0 T 3.2, and 10.7 T 3.1 hIwk j1 in cycles 1-3, respectively. For detailed training characteristics see Sylta et al (33) . The only difference among groups was the intensity-accumulated duration of HIT within cycles 1-3 ( Table 1 , Fig. 1 , and Fig. 2A-C) . INC, DEC, and MIX completed on average 95% T 5%, 94% T 8%, and 93% T 9% of their 24 prescribed interval sessions, respectively. Overall, the three HIT prescriptions were executed with even pacing, as prescribed. Mean power output was within T 3 W from work bouts 1 to 4 within each prescription. However, at the individual level, execution of the 4 Â 4 min prescription was more often associated with a negative pacing pattern (observed in approximately one third of subjects) where power output declined 92% from the first to last work bout.
Adaptation time course. Of the total change in Power 4mM and V O 2peak during 12 wk, INC achieved 98% T 80% and 70% T 80%, and MIX 147% T 74% and 92% T 74%, respectively, whereas DEC achieved only 34% T 83% and 38% T 91%, during the first 4 wk of intensified training (Fig. 2) . However, changes in PPO during cycle 1 were similar, 77% T 52%, 64% T 86%, and 89% T 88% of total change in INC, MIX, and DEC groups, respectively. There was a significant change in Power 30s in DEC during cycle 1. Only small changes occurred during 12 wk in all groups with respect to gross efficiency and will not be any further discussed. See Table 2 for more details.
Individual adaption variation was very large in all test variables in this cohort. For example, overall mean improvement in PPO from pre to week 12 was 6% T 7% (P G 0.05). However, the individual range was from j9% to 36%, a range which is representative for all test variables presented.
Group comparisons. During cycle 1, INC and MIX significantly increased PPO, Power 4mM , and V O 2peak (all P G 0.05), whereas DEC significantly increased PPO and Power 30s (all P G 0.05). There were no significant differences in delta changes in any test variables across INC (4 Â 16 min), DEC (4 Â 4 min), or MIX (Table 2 and Fig. 3 ). However, INC (4 Â 16 min) revealed a moderate ES compared with DEC (4 Â 4 min) when comparing delta changes in Power 4mM (ES, 0.7) and V O 2peak (ES, 0.7). A similar analysis of PPO and Power 30s revealed no differences between INC and DEC.
During cycle 2, DEC increased significantly in Power 4mM (P G 0.05). No further significant changes were observed in any test variables in INC (4 Â 8 min), DEC (4 Â 8 min), or MIX (all P 9 0.05), and there were no significant differences in delta changes between groups (Table 2, Fig. 3 ).
During cycle 3, DEC significantly increased V O 2peak (P G 0.05). No further significant changes were observed for any test variables in INC (4 Â 4 min), DEC (4 Â 16 min), or MIX (all P 9 0.05), and there were no significant differences in delta changes between groups (Table 2, Fig. 3 ). However, in this final 4-wk cycle, DEC (4 Â 16 min) revealed a moderate Blood hormones. The subsample of 29 subjects assessed for anabolic and catabolic hormonal responses in addition to physiological tests were representative of the total sample in terms of both adaptive time course and group comparisons. There were no significant differences among INC, DEC, and MIX at pre for any blood hormone measured.
Pooling the three training groups, TT, FT, and FTCR decreased by 22% T 15%, 13% T 23%, and 14% T 31%, respectively, by the end of the first 4-wk training cycle (all P G 0.05).
IGF-1 increased 10% T 14% (P G 0.05). In contrast, comparing pre to week 12, TT, IGF-1, and IGF-BP3 increased 24% T 31%, 11% T 18% and 8% T 13%, respectively (all P G 0.05, Fig. 4) .
Hormonal changes are presented in Figure 4 as delta changes in each group across 12 wk. Most important findings are:
TT decreased 27% T 15%, 25% T 14%, and 16% T 15% during cycle 1 in INC, DEC, and MIX groups, respectively (all P G 0.05), and returned to preintervention levels by the end of cycle 2 (P 9 0.05 vs. pre). MIX http://www.acsm-msse.org group had 42% T 24% elevated TT at the end of cycle 3 compared with pre (P G 0.05). FT decreased 24% T 15% in INC during cycle 1 (P G 0.05) and returned to preintervention level by cycle 3. The decline in FT was significantly higher in INC compared with DEC (24% T 15% vs. 1% T 29%) during cycle 1 (P G 0.05; ES, 1.0). FTCR decreased 22% T 27%, 12% T 25%, and 8% T 41% during cycle 1 in INC, DEC, and MIX groups, respectively (all P 9 0.05). A comparison of INC (4 Â 16 min) (22% T 27%) versus DEC (4 Â 4 min) (12% T 25%) during cycle 1 revealed an effect size of 0.4 (P 9 0.05). A comparison of DEC (4 Â 16 min) (decreased 4% T 20%) versus INC (4 Â 4 min) (increased 18% T 34%) in the final cycle revealed a significant difference (P G 0.05; ES, 0.9). HGH increased 38% T 80% in INC (4 Â 16 min) compared with 19% T 45% in DEC (4 Â 4 min) during cycle 1 (P 9 0.05; ES, 0.5).
DISCUSSION
This study can be summarized with three key findings: by decreases in anabolic hormones in all groups. In training cycles 2 and 3, resting hormone values rebounded to baseline levels or even increased, but this rebound was accompanied by smaller adaption magnitude.
Our first key finding is that Q70% of the progression in Power 4mM and V O 2peak was achieved already during the initial 4 wk of training for both INC (4 Â 16 min) and MIX group, whereas DEC (4 Â 4 min) reached Q89% of total development in PPO and Power 30s in cycle 1. During this period, all groups increased approximately 2%-6% in Power 4mM , V O 2peak and PPO, a magnitude comparable to previous studies of similar length (18, 24) .
To stimulate improvements in endurance capacity in already well-trained athletes, it appears necessary to increase the total training volume (3, 9, 25) , increase intensity of the aerobic endurance training (17, 19) or reorganize HIT training in, for example, block periods to provide an adequate stimuli (23, 24) . In the present study, subjects increased the HIT frequency from one weekly session during the preintervention period, to two to three weekly sessions during the intervention period. On average, this intensification provided a sufficient stimulus to elicit physiological improvements in Power 4mM , V O 2peak and PPO ( Fig. 2 and Table 2 ). This finding alone is not surprising. However, most previous training intervention studies present only pre-to post-results during similar timeframes (13, 23, 26, 29, 31) . We therefore argue that by providing a time course with more frequent testing (e.g., every fourth week), more accurate prediction of training effects over more extended timeframes can be achieved. Bearing in mind that most of the positive effect in specific variables was achieved already during the initial 4 wk of training intensification, our results highlight that extrapolating short-term adaptation rates from a training intervention involving HIT to even modestly longer time frames is ill-advised. In this context, it is interesting that 4-wk cycles are quite commonly used in elite endurance sport, often characterized by 3-wk training load builds and 1-wk load reductions. Our findings are also consistent with training descriptions of elite endurance athletes, who use HIT consistently but relatively sparingly when examined over an entire training year (3, 25, 34) .
Group comparisons. Our second key finding is that accumulating 2-3 hIwk j1 at the ''lower'' end of the HIT range performing intervals as 4 Â 16 min tended to elicit superior adaptions in Power 4mM and V O 2peak compared with accumulating~1 hIwk j1 at the ''higher'' end of the HIT range performing a 4 Â 4 min interval prescription.
During the first training cycle, a 4 Â 16 min isoeffort interval training prescription (INC group) tended to induce greater adaptations in Power 4mM and V O 2peak compared to a 4 Â 4 min interval prescription (DEC group). The ES of the relative improvement in Power 4mM and V O 2peak revealed a moderate effect of 4 Â 16 min vs. 4 Â 4 min prescription. Even in the final cycle when, in theory, much of the shortterm adaptation potential had been realized, we found a similar tendency. These results are in line with previous findings from our research group. Both Seiler et al (29) and Sandbakk et al (26) found that an HIT prescription accumulating more minutes at a slightly lower-intensity level compared with a 4 Â 4 min prescription induced greater overall adaptive response, inclusive V O 2max , in recreational to welltrained athletes. The present study was however performed on a much larger group of well-trained subjects (n = 69) during a longer timeframe. Furthermore, a case study of a professional cyclist suggests that increasing HIT time by slightly decreasing intensity during two to three weekly interval sessions, in combination with an increase in total training volume, increased V O 2max from 82 to 90 mLIkg j1 Imin j1 during a 3-month period (30) . However, in contrast to our results, Helgerud et al. (13) observed that 4 Â 4 min intervals at 90%-95% HR max lead to larger improvements in endurance capacity compared with LT training at approximately 85% HR max . The training groups in the study by Helgerud and colleagues were however matched for total work (isoenergetic) in contrast to our ''maximal overall effort'' (isoeffort) model. Consequently, the LT training sessions were only modestly longer in accumulated duration than the 4 Â 4 min sessions. This form of matching is not consistent with how athletes manage intensity and accumulated duration in their daily training. We argue that matching training for overall effort is more representative of this process in well-trained athletes.
During cycle 1, DEC was the only group which significantly improved in both PPO and Power 30s . This may be because those variables are more specific to a 4 Â 4 min interval prescription due to higher power output (Table 1) . PPO performed as an incremental test is a function of both aerobic and anaerobic energy supply. Therefore, an individual can increase in PPO without any change in aerobic energy supply. Due to no or only small aerobic adaptions in DEC during cycle 1, we speculate that the observed increase in PPO was a result of anaerobic energy supply adaptions or other adaptions related to postponing accumulation of fatigue metabolites.
Blood hormones. The third key finding is that large progression in Power 4mM , V O 2peak , PPO, and Power 30s in specific groups during the first 4 wk was accompanied with a decrease in anabolic hormones in all groups, which thereafter rebounded to baseline levels in cycles 2 and 3, when adaption magnitude was reduced.
During the first 4-wk cycle, both TT, FT, and FTCR decreased significantly. Although an anabolic response (increased T/decreased C) is most likely expected together with physiological adaptions, reduced serum concentrations of T (measured in a fasted rested state) after a successful period of intensive training have also been observed elsewhere (5, 12) . However, an acute increase in the circulating concentration of T is also a normal observation directly after high intensity endurance exercise (35) . Upregulation of T has been suggested to be associated with increased androgen receptor (AR) expression (22) . Therefore, we speculate whether increased expression of AR can partially explain the present temporary reduction (measured after 4 wk) in serum T, due to increased binding of T to AR and therefore increased uptake of T in muscle cells (16) . Speculating further, this increased T uptake could, in turn, amplify the intracellular signal for endurance adaptation. The present results suggest that in welltrained cyclists, a modest reduction in T levels during intensified training do not need to predict decreased performance.
For all groups pooled together during the entire 12-wk training period, we observed a significant increase in both TT and IGF-1/BP3. The observed anabolic response was accompanied by improvements in key components of performance, such as PPO, Power 4mM , and V O 2peak . This is in agreement with previous findings that have demonstrated that training periods with frequent HIT sessions increase T levels (39) , and that increased IGF-1 correlates positively with improvements in V O 2max (8, 21) .
When comparing between groups, superior adaptations in Power 4mM and V O 2peak were observed in INC (4 Â 16 min) compared with DEC (4 Â 4 min) during the first training cycle. Simultaneously, we also observed a large ES and a significant difference when comparing the decrease in FT in INC and DEC group, which may indicate a functional, controlled overreaching in INC group and may explain absence of physiological adaption in DEC. On the other hand, decreased T in combination with increased C has been proposed as an early marker of the overtraining syndrome, and a change in FTCR of 930% as a boundary to diagnose overtraining (36, 37) . In the present study, FTCR decreased by 22% after performing cycle 1 with 4 Â 16 min interval prescription (INC), compared with 12% after a 4 Â 4 min interval prescription (DEC) (ES, 0.4). This pattern was confirmed during the final cycle, where a 4 Â 16 min interval prescription (DEC) was followed by a 4% decreased in FTCR, compared to an 18% increase after a 4 Â 4 min interval prescription (INC) (ES, 1.0). This suggests that the two to three weekly sessions of 4 Â 16 min were very demanding, but may be necessary to stimulate large aerobic enhancements in already well-trained cyclists. The latter is supported by the fact that superior endurance adaptations have been observed after implementing periods with very demanding HIT blocks, compared with a more even distribution of the same training volume and exercise intensity distribution (23) . Although FTCR decreased, we found a 38% increase in the anabolic hormone HGH in INC (4 Â 16 min) vs. 19% in DEC (4 Â 4 min) group (moderate ES) during cycle 1. It has been suggested that circulating HGH may act as a positive stimulus for expansion of plasma volume and erythropoiesis (6) . Altogether, the hormonal data from the first training cycle indicate that differences in hormonal changes induced by the different HIT training cycles may contribute to the observed differences in adaptations between the training groups.
Methodological considerations. This present intervention period aimed to simulate a preparation period leading up to the competition period, and not peak performance. We assume that athletes switch their training focus after a similar period, for example, by competing regularly. The intention with interval sessions was therefore mainly to build general aerobic performance capacity. Performed intensities differed in all interval prescriptions ( Table 1 ). The 4 Â 16 min was executed at an average power output just below Power 4mM , and almost all subjects managed to achieve a constant or slightly increasing power output evolution from first to fourth interval bout. We suggest that the 4 Â 16 min intensity is near power output at LT or MLSS, but still in the lower range of the HIT zone, and therefore almost exclusively sustained through aerobic metabolism. However, the 4 Â 4 min prescription was executed 15%-20% above Power 4mM and therefore in the upper range of the HIT zone or near maximal aerobic intensities. In addition, subjects more often failed our ''steady or increasing'' prescription during 4 Â 4 min intervals, indicative of more ''anaerobic'' intracellular metabolic conditions that may not be conducive to optimal adaptive signaling of aerobic metabolic adaptations. These differences may explain why we observed different specific performance adaptions comparing a 4 Â 16 min vs. 4 Â 4 min interval prescription, especially during cycle 1. Our result suggesting that it is advantageous for well-trained endurance athletes to accumulate a large training volume at or near MLSS intensity, is contrary to intervention studies (31) or retrospective descriptions of elite athletes during a competition period (34) emphasizing the advantages of a polarized training model. Hence, more research evaluating the effects of large volume of training near MLSS intensities in elite athletes is needed.
We acknowledge the lack of an all-out time-trial performance test every fourth week during the present intervention study. However, we argue PPO in addition to physiological variables, to be strong predictors of cycling performance.
CONCLUSIONS
The results of the current study suggest that most of the progression in Power 4mM , V O 2peak , PPO and Power 30s during a 12-wk HIT intervention were achieved already during the initial 4 wk of training. However, the magnitude of adaption was dependent on the specific interval training prescription, independent of timing of prescription. Accumulating 2-3 h per week performing intervals as 4 Â 16 min appears to induce greater adaptions in Power 4mM and V O 2peak compared with accumulating approximately 1 h per week performing intervals as 4 Â 4 min. Resting levels of anabolic hormones were found to first decline and then rebound over 12 wk, with the period of decline associated with greater adaption.
